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IB! 

J5^^-^ 1 0 1 

^ y - ;v <?5«SP-b: ;K^MS?a5. Ir^a § tf J: ^ i::«f •? ft if t ft«it-e * f»^« 7 IB 

ltflB^ii^f|5*t755«trlB?Ll^®^;^ tt/cy ->:x-C*,SI»*« 1 1 IB«<^»«?lfao 
rag^;® 1 3 1 

Jag^;^ 15] 
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[0 0 0 U 
[0 0 0 2] 

#18 2002-12429 1 -t<2r^iwPi^$ ^^t:v^<l> J; 9 t;, t7^^. Hi 5. 11 1 6 t:: 
>'yU (ME A : Membrane-Electrode Assembly ) t^^-^U-^f 1 8 t <^)«^#**P) ^S:-?) 

SB® $ tL/iM^e 1 2 f> ^ ( 7 y - K, MM) 1 4 *3 J: CFm^i^Kmo^fe® icifi 

[0 0 0 31 

(m^. «-««&i-'i)/c*!)<^sfD:y^7.?itt{^2 7. 2 8 mm-:ff:^mm2 7. m 

'fb5tf^»iEl^2 8) ^<D9M^'^m (m-^. Jt*P7fc) ^^•t/ci6<D<tMJ^2 6*^?^^ 
^tLTV^^o »ftM1^2 6. 2 7. 2 8 ^^cie>tC. ;^ ^ :y h 3 2 

- ;V 3 3 -i^^if h tt-C -2. o 
[0 0 0 4] 

M-mMT>yt>yU t-fe/N-V-iJ' 1 8 =SrfiteT#-b;v l 9 =Jr«^L. il?^ < t ^) 1 o 
(D^JU (fztK.i-£. 1 ~3l®0-t;W/6>ib l^yi-;V'*iiS^i"'5>) ^^"b^ v^-;i/?r^^ 

;V2 0> >'>i V-iJ' 2 1 . Kyu- h 2 2 *@eML> -lr;v»®#«r-lr;v«^:&lql 

-fV- h 2 4) . h • h 2 5 iCT^jgLT. J^iJ' 2 3 S:#fiK-r^o 

[0 0 0 5] • _ 

•b ^i^aS ^(7)^r;i/OT^-K T«^^ t HI ^ ® L T>ffe^ O -fe ;l/ * v 

ry- Kffifl : H2 -^2H* +2 e- 
P&y- KHIJ : 2H* +2 e- + (1/2) O2 -^H2 0 
[0 0 0 6] 

•fe^vM#<^-b^l'^il:^tfi]<^— ^l-{f:}a3 4:6«@Bg$tL*a:i: <)twtM«)^3 5 
;fai:.3 6>&*|gtt?>tt-l>o ^ 2 3 <7)^>^jr-;V{±, ff 3 4 <^{f :}a^It'-t;l/^Ji:^In] 

- ;i/ 4r -t ^*:<^^1-1il h ¥^%^W^'^^-^-i- ^ * ^ o 
[0 0 0 7] 

1. -lr;va^^<Oil§:®:tMt-. •fe;i/a^:l^l6j ttt^-f^I^lnlt-icG- 2 0 G^S (Gtifi 

jUiE#2 004-3113705 
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^-p : 2/ 



il#Pi 2002-124291 

10 0 0 8] 

7&«>&- Tb^-otzv^iz-^ }vmm i^ot^u^mx- * v :x - ;v7&5i--< o -c ;^ jj' y if ^ tt ^ <^ 1 

[0 0 0 9] 

ip^'Dt:W\^'t}Vl^mW<OMT5:mx^V:^-)\^ii^t^oX7. ^ y^mih^l^h i ^E^lh 

[liM «r M^i" ^ «6 <^#^] 
[0 0 10] 

±IB S fig ii^-t ^ ^ 3b ^ o 

(1) M.^)v^^^mm\^fz^'^)^'=^'-^^~)'^'^^ tt?ijtc?fjiL-rB^m?fe>^:J";' 

(3) HirE3g^-t;i'56^ |im*L5fcv>i5^^--b;vT'^)^ (1) tfz\t (2) IBm<^BIim 
K^-^Ltz (1) t/cJi (2) f5m<^»m7&o 

( 6 ) itri5*6j:^v ^ 7 h ^ ^ o85^'> -v 7 > h^a<^'> ■\' -7 b t?** (5 
) um<^imw(is,o _ 

(7) ^^■r;s#-fe;v^yi>-;vom-b;HW|±;5«. fffBi*im->^*7 h ^:^±gy<^>a^^B*j• 
( 8 ) Mie^^fP^t^^^' V -/-c* ^ ( 7 ) iBm(o»m?ifco 

( 9 ) m^^^^W-^)^ Ytfzkt^)^y yxh^ ( 7 ) |fi«c<^^^mrfeo 
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3/ 



m^fi<jt^*6ii^$tL-5> (4) tfzii (5) ifi®<^^^m?feo 
(12) miej^w*t^^itriB?Ltc@^$tL;^c7*>;'i/i-cab^ (11) um.<Dmnmmo 

( 1 2 ) tm(omMm.mo 

. (14) miBimiii«S*i-«|Bi4j:^~>^7 hJ::^#$tL/cM^«B#-Cab* (11) ie«<^B 

mom^mmo 

(16) fliriB^?^?P^!iw*^5ftt#>d-'b^'& (15) mn(ommrm.mo 

[0 0 11] 

±|B (1) . (2) (D-BMmmx-ii, mMmm:^^ y^'t^Wii<7)0r^)v^z;a.-)V},z^ 

-t-^:&In]i;*6l^L/cO-C> ■fe;l'M#0^#OKS=S:M. 1»!^«:$tt/c:B#<^^:^|S]*n3$JK 
« t Lfzm^. •b;v®S#^'^HM « O^BItl Wffl LM « / 2 0^»f* S ;i' 

^ y i - ;kz) "fe >t In] <^^f£* ^) ® i^-t ^ o 

@a tc-t- ^ i <!: T&^T- ^ ;5) o ^M'fk i o G (^a:^[6]ffi^-^03^j-JS ^ I'^f !1 1 ^: -5 
10 0 1 2] 

±IB (3) o»m?fet?ti. ^«B-b;v«:^^5--b;i^t L;^<^t?N 3g«|5-b;v*f&«ttt6 1 

±tB (4) (r>'mP(W(i».x\t. a.-)\/(o^U^yi^^^i}\'mM^^^%'$t-t^-^ 

±IB (5) <7)jt#^?lfe-e}i> #-fe;V'^y:r-;K^TO-b;vofiirfB®S^t-?L*lSit> 1^ 
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[0 0 131 ^ 

;v-=e ^ - ;v $ lb icgSi'fkT- ^ . ;m:;^[6]®^^o>ctJ^;*^°#=^ i:: ^ o 

±ia (8). (9). (10) (omp^nMx-it^ ^mmi<omu^m7i^^f^x\^^ho 
±ie (1 1) > (12), (1 3) > (14) <Dmp^m.^-^\t. M-b;vo?L^:> mi 
=^#ii-r^i*jm'>^-7 ^m.uM\zi.^:s.•^^\z'^%mzmM^f^^(^x^ m^)^ 

±15 (15). (16) o:l^*2i.m?tfe-eti, #-fe;i/^v?^-;i'OM^oS§l5-fe>'^@S^^ 

10 0 1 41 ^ 

lilTtc, :$:%BJ<^B*l-mm*> HI -mi 4, HI 5 =Sr#MLr^^-rSo HI 5<^# 

HI -H 4 \t^^m<r>%mm l L> H 5 ~H 7 {i2|s:||§g^^ife'e?!l 2 ^tp L> H 8 . 

m^kt^^m<^%Mmz^7^\^. mi(i\t:^^^<o^w^^'^'^^- 1^1 iti*#&^<^^ 

mm^^mX.^ mi 2\t:l^^^<r>mmm&^7r^\^. hi 3. hi 4{i:$:^?g(7)^M^J7=£r 

, t /ctiMi-^SB^tcti. i^^^(D'^%mm\zt>fzoxm^^^^M[\^x^^o 

[0 0 151 

HI 5 '£r#PBLTra-r^o 

1 0 {i. m-maiT -fe >-7'U (ME A : Membrane-Elect 
rode Assembly ) i:-lr/-? V- ^ 1 8 t(DmM^i^hf^^o mm<o:)j]p\\t. ±yi5nx^ <t 

m-W&Ty'^yT')\t. HI 5tc^i-idl^. :a->^mm56^^*-&mi»®Ml 1 

z.(omMnm(r>--m\zwM^^fzimmi 2f)-htj:&nm iry-v. mmm) 1 4^5* 
ifM^mmi 1 (D^mKMm^ftfzmmm 1 5Tb-h^j:^mm ^^m) 1 it 

Tl)^h^j:^o B-MmT^y'ty:^') t^^'^i^-i' 1 8 iKomiiZii. ry-VM. *v-Ktl 

K -e tL-rttSitics 13.16 a^mn htt^o 

[0 0 161 

^r/N-l/-i5' 1 8ict±, 7y-K14. V - K 1 7 JcB^^:^';^ (tK^) J: tm^fk:^;^ 
(m^. ®#fi^^) =Sr«j?&i-*/ci6<7)RJ&:!{r;^ijE^2 7. 2 8 {B^'^^^^Z 7. m 
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10 0 17] 

i^^ti(D^=-^^-)VV2 9. 3 0, 3 1 H^M#5&W&^^^> ^firfi<r>-7^y\-^-)VV 
2 9> 3 0> 3 l<DX^my!)^h^)l^(Dm.^2 6. 2 7> 2 8 tCii{L#^;6mA 't;VCO»!t{^ 
2 6, 2 7, 2 8 76-ibii!i#^>{'^'e-tL-rtL(^v-*-;VK2 9, 3 0. 3 1 i^milJt^slEtli t> 

ir, v'-;i/*t3 2, 3 3 J:oTv-;V$tL-CV>-5,o 3 2a=fAv'-;i/ (rfA^'J^-Jr^y > 
[0 0 181 

MEA4:-fe>'^•^'~^ 1 8■e^^E^•C#•b;H 9 =S:S^L, ^^0-b;H 9 5 
~ 3 0O-fe;V, Mt L< 1 0-3 0-b;v) L'j2^Si'Ct;CT-t;HWl±^^g^5^J 3 3 

KX^^Lfz^^)^^^^ 4 1 i:^-7;V'^-t;u*'^#4 k^Mj^^- 

@fiS$tL/c^lH5-b>'^4 2 t >&*e>#-biV^i^i-^»' (■v;V'f^-fe;V^ v^i-;V) 4 0 'Sr^^f 
So 1213, 114 fi#5-fe;i'^v^A-;^4 0 «:^i"o v;v^-b;v^'g'#4 1 irisv^T, ■fe;n 
9|W|±5r:fA5/-;V3 2 tr'ftx.T^«^J->-;V3 3-^^^«L/c^^(±, #-b;i'*^^4 1 
frii'feSo -t;HS|±^4r::i'i^v-;W3 2-ev'-;vL/cJa'g-{i, #-feJV*'^#4 1 {i# 

yi/^U-'^ 2 1. ai> Kt^v- h 2 2 ^SBSb, »Jlc@fie$ tL/c^^<^#-t;v-=t v ^ 

4 0 t3;bfco-C-lr;U«ii:^I&ItC®?/S^M#2 4 >K;Vh . -^y h 2 5l'T@^LT 
, y ^ 2 3 *«^-t-*o 

^1ilSI5#2 4{i, y^rtx.}?, It^ (4W±, M t L < 6 2^Jai±, fct^ff, 10:^ 
) »9, ^ 1 4 L/ct^&*<7)-r a V- > 2 4 OtSSO^Sfcfe 

SO-e, ^^i/^^ h<^^?F-^{±-rV->3 ^^W- h i:|5|C< r2 4j ti-^o 
[0 0 19] 

itLiCi-oT, g|^1--2)#-b;V^vjL-;V4 0 ti, v^^-;^ 4 0 <^»-b>'^ 

4 2S15<i-C, ^ifflSB*t2 4 ( r^^S*tJ . ^SV-ii. fi^^S^^^hJ i:<)V>^) 

#-b;v^v^j.-;V4 0«r, tt^J^c^tig LT«^^H-m?&;^ ^5^ 2 3 ^r^fiKLT^So 

:i^m(?5#-lr;V^v^-^V<^##-fe^^'t>^^-''^4 0{±, 1tm(7)-t;V=Sr«® 

#4 1 i:, #-b;V*'^#:4 l<75M^OM-fe;l/ 4 2 ai^g-t^o -^LT, ^#-fe;w^Vi- 

M^<^m"bJ^4 2<^Mfr^, -b;HW|±Sr@«?PJtlT^^Lf^-#S<^#-fe^^«^^$^4 1 

tLXiiX^^o ^■fe>'^4 2*, |&S=&L'&v^:J^^--l:;i-i: LTt^-^ti, ^gB-fe;i/4 2 t± 
[0 0 2 0] 

#.-b;v^yi-;v4 0<o^g|5-t;v4 2it't)umm-:fj\^tm.^-t^:fj\^i^M^^i^x^U 
^;l/4 2tC®Sgi54 2 a ( m^U} H [y'^y'JU^} fcSo T ^) J: v>) i^WtifhfiX 
V^-g)o #^'fe;V^v^-^l'4 0{±, ^|^-fe;V^i^i-;i/4 OOmtn^A 2 0@S«|54 2 a 

let: •fe;HI^:J^iSi i: lE^I-*:^!^ o 
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gB:9'4 2 bi:. +*l^?L4 2 c =Sr o#)bc<7)®SfP 4 2 a bTV^T i v-o 

-^W>^4 2 b{i@M4 2 aO?L4 2 c K^t ^iLiyihU4: 2 d=£r>S1-*o "^^^ 2 d 

h<7)#-lr;V^yi-;V4 0Om-b^^4 2 <^-fe/^V- ^ fc^ftbUfl^o #t^O®:RSB4 2 
ai:-t^^V-^'SB^4 2bt::ii. m'fk:^^^ ?^t»<?5#v^*-;v K 2 9 . 3 0 

^^^^4 2I t-fe^^-V-i5^$|S^4 2 bh{±-#T'^)0-C*>J:v^t. HIS. H^J-J^^ 
9 trSlJ#:li?^^$nt:-b/N-V-;5'S|5^4 2 b35«®S«iS4 2 a tfCi^-^VS^S? 

@Sf|54 2 a7&«-lr/^•V-^SI5^4 2 b t tL^^^fi^ ®S$M 2 a ^)-fe^^ 
V-iJ'^^4 2 b tmm^mm.^^mt^i)^> ®S«B4 2 ad-'-fe^-«V-^'SB^3^4 2 bi:^ 
#«^$tL^J*-^ii> ]^*lfP4 2 atiSmtt«:?fi-r**J-»^«^^^T'"^^> J^^'l-- * 

^7t. MftSM2al±s HIS, miK^-r^^<'-> ■fe^^aiS:^[^^-^ -byN°V-^fB^3>4 
2 b i <9 ^>)p<?^^^tLTPj14*^]SfeibtLTV^T^> iv^L, v^li-b/N' V- ^f|553'4 2 

[0 0 2 2] 

#-lr;V^yi-;l-4 0<7>m^>>^4 2<^®ftSI54 2 at'. ]Sft^4 2 a ^•t;vae:^ffi] 
tlJ®i-^?L4 3^^ M^tL-CV^^o ?L4 3{i. f.^:^{fW^r;V4 2<^®S^ 

4 2 a<^4P§tiM$tvrv^;i,o ?L4 3<^^{i. 4l®J':J.±-e. b< ti6lSU-h> J 6 
rat L< ti8'l®J':iL±-e^«9. titx.li. l OiBT-^So l OTOlt^bttS^^rt. /^t 

^Sg|5-t;i/4 2<^®ftS154 2 a(^?L4 3r4*jm^/^-7 b 2 4 ^#5lL-C#-b;V^':^i-;V 
[0 0 2 3] 

*6imv-v7 h 2 4{i. mm-mm^^y^ 2 3(Dmmi^^yv 2 4 t*jiov^-7 hr-^ 

oT'bJ:.v^o Ulli. 44)mv^7h24^^ M^ffe^ ^ ^ 2 3 OiSf^v- ^ "7 b 2 4 t 

umm^^ 2 3<Dm^o:t.yvfu-v 2 2m\izi?^'oxm-a'x\f>^o ^zo^mm-y^ 
^^)mm:fo\^tu^-r^i5\pi\my^-r^o ^^m^/^^ b 2 4fi. ?l4 3i*i^if®jLT«> 

[0 0 2 4] 

0=^ ®##-t;i/^v^^-jv4 o<^>«-b;i'4 2 ic-c-b;vaJi:&[6]i:ii:^t-^;^(aii'3^m 

. ^r;V«®'ft:^#tcM«0=BI^*-'f1^ffitMa/2 0^iftlS^^-fe;vmJl#<7)M'^ 

;^ 4 0 tc-f^ffli- 'l.a^l^^M a / n i: 19 . ^#^r;w^i;*-;v 4 0 iristt^^Kf;^*^^:^ 

^^<t^/ci6M^ii=5:^ (Ma/ (2n) (Dmmt{i^fs^»^mmt}^& 
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[0 0 2 61 

it^<. ^#-t;v^vj:-;v4 0 ti:S't5[$tL, #^-t;v^ v>'ji.-;v 4 o <^^-b;K7)-b;v 
[0 0 2 7] 

[0 0 2 81 

i . # -b ;v ^ y ^ - ;v 4 0 =^ -b #:<7)^fJI 35> <^ ^^n-^UUX^WIr ^ m^k =£r ^ 

m?fe>^ 2 3 ^■t}vmmio\^tu^-t^'ij\^^^. mm^uu^'^'^^-}^^<^'9-^ 
i:mfx^<Dii^mvx'ir)v^~^-^^}iyizm^i^^£iW^^h-f. MM. i^mmm 

[0 0 2 91 

-fe;U4 2tC®S^4 2 a^lStt. ^Mft^4 2 a tiT#-fe;V*v>~i-;V4 0 ^•fe.'Vffiii;^ 
[0 0 3 0] 

#-fe;V^vi-;V4 0OM-lr;i/4 2<^®ftgP4 2 ai:i?L4 3 =£rlSlt. ^?L4 3 

$^^7 h 2 4 t}¥®Lr#-b;v^vi-;v4 o 'Sr-fe;vM:;^|S] ti£^1"'5>:^i6]tc*6imLf; 
t/w. t^:^'>^-7 > 2 4«l^mrife:^i5' ^<^^^v-^''7 h 2 4 ^^^(^^^^^ h-e* 

[0 0 3 11 

immm 1 3 

:$:^5g<0|lifeiRI 1 -Cti^ iai~III4t^:^1-J:^ti^ #-fe;V^yi-;V4 0O3S«|5-t;V4 
2«!0®fi«P4 2 a{iWfl|*i-t-t:S^$tL. •fe/-«V-^'ia5^4 2 b > ICT^^;^ 

tt^o ®gS15 4 2 2i\zT^m-^fLhllA 3tt*§ill^#*^<^M««R4 2 a W 4 PStcifett "btfCV^ 

#-b;u^yi-;i'4 oo#-fe;v*'&#4 1 c^-fe;i'{i5:vMig|^3^J3 3 ir-cv-;^^*^ 

miEilf 2 004-3113705 
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3 2t?«b'2>o 

i^^v^^ h 2 4 7&^*6):^v^-7 h t Lxm&UA: 2 a tL^?L4 3 SrJfilL. # 

2 a75«#J3l#-t?**:t«i). J^j^->^7 h 2 4 t ^iji®iSi$^^T^ >9 . #gU^:«^j^ii^«3t{i 

[0 0 3 2] 

^^m<oMMm 1 of^ffl • ^5!j^t3ov^T{4. •t;i/«^:^|6]=l'mM:£^:*ripjtc: LT<:MJc 

t h 2 4 0t6jm^Jt?#^x^o 

[0 0 3 3] 

^mmm 2 ) 

:i^§tm(omMm2X-li. ms-iaytc^-ti^^^^ |%^i-^#-b;v^v:x-;i/4 0<^^ 
SP-b;V4 2 |W1±>6^ *fil^~>^7 h 2 4 imm<D&^UU5 OKX l5^^$tLTV^^o 

[0 0 3 4] 

^^BM<r>mMm2<Di^m • Mt-ov^Tti. ^^i-;2>#-b;i/^s^j.-;v4 o^wi|$^{4 

^?>? f4i/-;v='*i, 3 2 41 J: #^-t;i'-=evj--;i/4 0<^#-t;vM 

^•fe;l^4 2*«^tp<^t?, ««p-{r;V4 2 l,Z+^tj:mm^m^^ t . nUtn^A 2 l^±**l^ < :^ 

L>&^L. :^^BJ<^IIM^2T-{4. ^^-r^#-t;v^vjL-;v4 0(^3^f|S-b;V4 2 l^±=Sr 
> ®ftg|5 4 2 a O^-e. i5"; -yT'S 0 ATff$x.^ii:tcJ: +^^:'>-;i'MJES: 
;va'A3 2*C-^X'6Cli::i6«-e§:&J:-9tc*;5)o OAtcioT^ TO-fe^l'4 2 <0 

mm^^^i^^^—t^^tyb^xb. ^S|5-fe;v4 2(^)«l?<^1g:M«'«ji^'&c:i:*«T^, H 

[0 0 3 5] 

Wt)V4 2 |WI±75^ *6jm>'^-7 b 2 4 tim(Dm^m5 0 tCct l9^^$tLTV>So 
m<DmMM3Xlt. 0{4'-K;l'h 5 OB^U'^y hT'ib'&o 

[0 0 3 6] 

^^mo^Mifi3(Di^m ' ^Si*Jcov>-c{±, #-b;v^yi-;v4 0 76*-t;i/M**^S15^« 
v-jiz-^itoJ^-^. '>-;i'=rA3 2 Jc^^i-;2,*B^tc^lf5^Je*-*#^Ei-^ tM-fe;v4 2 

Lj&^L, :$i^m<om^m3'0ii. g|^-r;5^-t;v^i^^-;^4 0 <^>^SB-feJl'4 2 l^±'£: 
^ ]^M$B4 2 a<^^-C. >J?;Vh 5 OB-^U-^-;' h -f^f $ x C i: i? . +^9'*v-;VM 
JE^v'-;V=rA3 2 tC^-X'SCliiT&^t'^S tC35r-2)o ''K-'l' b 5 OB^V^v^ hlCioT 
, ^g|5-b;i/4 2<^MPM^je.**/>'-1-'5C:i:;6*t?i> M-fe;^4 2 O^KJlOi&^Srti*^ 

[0 0 3 7] 
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7 b 2 4 tilMW5 0<7)M^**^V>ibtL-C'b<tV^L. a*S^*t5 0O<J5«.-C^^$'tLT'i> 
iv^o :^^§g<^^ife^J4-e{±. ^*t«B*t5 0 \t^^J^^V^-)yyA: 0<^)TO-feJ^4 2 

2 all?^fiS;$tL7t:i:5 0 C-t?*>). i0^5 0 C?rK^-r;S>#-fe;v^i^^-^^4 0 

[0 0 3 8] 

L;&-L. 2|c^W(^^i&^4-C{i. gH^-f- v^i-;V 4 0 <^)3ggl5-fe;v 4 2IW1±^: 
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